Rickettsia prowazeki were disrupted in a French pressure cell and fractionated into soluble (cytoplasm) and envelope fractions. The envelope contained 25% of the cell protein, with the cytoplasm containing 75%. Upon density gradient centrifugation, the envelope fraction separated into a heavy band (1.23 g/cm3) and a lighter band (1.19 g/cm3). The heavy band had a high content of 2-keto-3-deoxyoctulosonic acid, a marker for bacterial lipopolysaccharide, but had no succinic dehydrogenase, a marker for cytoplasmic membrane activity, and therefore represented outer membrane. The lighter band exhibited a high succinate dehydrogenase activity, and thus contained inner (cytoplasmic) membrane. Outer membrane purified by this method was less than 5% contaminated by cytoplasmic membrane; however, inner membrane from the gradient was as much as 30% contaminated by outer membrane. The protein composition of each cellular fraction was characterized by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. The outer membrane contained four major proteins, which were also major proteins of the whole cell. The cytoplasmic membrane and soluble cytoplasm exhibited a more complex pattern on gels.
Rickettsia prowazeki is an obligate intracellular bacterium which penetrates the host cell membrane barrier and multiplies in its cytoplasm. The organism has not been cultivated on an artificial medium, and the reasons for this obligate parasitism are unknown. Isolated rickettsiae have been shown to release intracellular components such as nicotinamide adenine dinucleotide (NAD) during prolonged incubation at 34°C (6, 7) . However, freshly isolated organisms actively accumulate and maintain a 200-fold gradient of the amino acid lysine via a specific transport system energized by a protonmotive force generated across the rickettsial membrane (29) . Furthermore, freshly isolated organisms were shown to possess a specific transport system for adenosine 5'-diphosphate and adenosine 5'-triphosphate and not to passively leak these large molecules (34) . The weight of these observations implies a high degree of membrane integrity, and suggests that the rickettsiae only "leak" large molecules when this integrity is destroyed by autolysis during storage.
When viewed in the electron microscope, the rickettsiae exhibit a typical gram-negative morphology, possessing outer membrane, peptidoglycan, and cytoplasmic membrane layers. The cell envelope has been shown to contain sugars, amino sugars, amino acids, and diaminopimelic acid, but no teichoic acid (a gram-positive cell component) (18, 23, 36) . Lipopolysaccharide (LPS) has been identified and chemically de- scribed in Coxiella burneti, a related species (2, 10), but evidence for its presence in rickettsial species is limited. Endotoxic activity analogous to LPS endotoxin was described in R. prowazeki by Olitzki and co-workers (20, 21) , and Schramek et al. have phenol-extracted a complex of polysaccharide and lipid from rickettsial species and shown that it possesses heat-stable, complement-fixing activity (28) .
However, little detail is known about rickettsial membrane architecture and functional properties. In an attempt to describe the composition of the rickettsial cell envelope and compare it to free-living gram-negative bacteria, R. prowazeki was fractionated into soluble cytoplasm, cytoplasmic membrane, and cell wall-outer membrane by sucrose density gradient centrifugation techniques. Each fraction was characterized for its polypeptide composition by SDS-polyacrylamide gel electrophoresis. In addition, the presence of 2-keto-3-deoxyoctulosonic acid ().1' -meri al)toethaIltl, ).5 niM EDT.A. aIid 8 M ti cea. Samnl)les xwere heateti in al hoiling xwater bath f'or 5 nliIl befoie loadiIlg. tels were suibjecteti to electrophoresis at 5 mA per gel until bromothenol blie tracking dlxe reached the gel iottoin (6 to 7 h). Gels xere staiIt-ci xxith 0).25%' Coonlassie brilliaint bltie-ill n1ethanol-aIetic aciti (30) .
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RESULTS
Identification of KDO. Rickettsiae were analyzed for the presence of KDO, which had previously been used as a marker for LPS and outer membrane (22) . The thiobarbiturate-positive material from a mild acid hydrolysate of ricketsiae was shown to have the same electrophoretic mobility as a KDO standard. Sialic acid, which also reacted in the thiobarbiturate assay, migrated differently. Furthermore, reaction products formed in the thiobarbiturate procedure from hydrolysates of rickettsiae and E. coli both exhibited spectral peaks identical to that of pure KDO. The specific activity of KDO in whole rickettsiae ranged from 2 to 10 nmol per mg of cellular protein. This identification of KDO provided chemical evidence for the presence of LPS in R. prowazeki, and KDO was employed as a marker for LPS and outer membrane in cell fractionation procedures described herein for the rickettsiae.
Fractionation of R. prowazeki cells. Rickettsiae from 70 to 150 infected eggs were purified on Renografin gradients and resuspended in buffer (10 mM HEPES, 3 mM EDTA, pH 7.4) at a protein concentration of 0.4 to 1 mg/ml. The cells were then broken in a French pressure cell at 20,000 lb/in2. Remaining whole cells (less than 10%/ of the original cells) were removed by centrifugation at 3,000 x g for 10 min.
Breakage of rickettsiae when suspended in SPG was inefficient, as evidenced by failure of the suspension to become translucent upon pressing and by the large pellets of remaining whole cells (often 50% or more of the original material).
The cell-free supernatant fluid from the lowspeed centrifugation of the pressed rickettsiae was centrifuged for 3 h at 180,000 x g to sediment cell envelopes. This pellet was then suspended by homogenization in HEPES-EDTI'A buffer and resedimented to remove any soluble molecules nonspecifically trapped in the pellet. The resulting pellet and supernatant (soluble) fractions were assayed for total protein and for MDH, SDH, and KI)O as markers for cytoplasmic proteins, inner membrane, and outer membrane, respectively. Data (Table 1) were calculated from several experiments, all of which exhibited at least 70% recovery for each maker.
The pellet (envelope) fraction contained most of the KDO and SDH activity, as expected for the membrane-containing fraction. However, although most of the MDH activity was found in the supernatant fraction, a variable portion was found with the envelopes, as reflected in the large standard deviation.
To establish that MDH was truly representative of cytoplasmic proteins, it was shown that there was no selective association of MDH with membranes. Figure 1 shows Fig. 1 Separation of rickettsial membranes by density gradient centrifugation. Attenmpts were made to separate rickettsial membranes by centrifugation on sucrose gradients described by Schnaitman (24) for separation of E. coli inner and outer membranes. However, undeer these conditions, rickettsial rmermbranes formed a single band. 'I'herefore, the procedure was altered empirically to obtain gravitational forces and sucrose percentages which would provide separation.
Step gradients of 4.8 mil were prepared by successively layering 51, 49, 47, 45, 4.3, ancl 41', sucrose (wt/wt in HEPES-EDTA) in polyalloamer tubes for the SW65 rotor. Envelope suspensions (0.5 ml) at a protein concentration of 3 to 6 mg/ml were layers on these graclients and centrifuged at 180,000 x g at 4°C for 36 h.
Fractions of drops each (approximately 0.1 ml)
wer-e collected from the tube bottom and assayed for KDO, SDH, and Fluram-reactive material as rmarkers for outer membrane, inner rmiembrane, and total protein, respectively. There were two nmajor peaks of Fluram-reactive material, a heavier one at fraction 183, and a lighter one at fraction 34 ( Fig. 2) . TI'he density of the heavier p)eak was 1.2:3 g/cm", and the lighter was 1.19 g/cmi.
Fractions within the heavy, middle, and light peaks were combined, diluted 1:10 with buffer, centrifuged for 3 h at 180,000 x g, resuspendledl, and assayed for protein, SDH, and KI)O ( Fig. 5 . Apparent molecular weights were determined for each polypeptide band, and bands were numbered from greatest to lowest molecular weight (Fig. 6) . A total of 64 bands could be identified and ranged in molecular weight from 10,000 to 140,000. Of these bands, 50 could be assigned to a unique cell fraction. Twenty were soluble cytoplasmic proteins, and 20 were outer membrane components. Identification of inner (cytoplasmic) membrane proteins was complicated by the presence of significant soluble and outer membrane contamination in these preparations. Since the outer membrane fraction itself was pure, elimination of these bands from the inner membrane gel pattern was valid, and through this strategy 10 bands were assigned as inner membrane proteins (Fig. 7) . Bands which were found in soluble and inner membranes or in all three fractions could not be assigned. A band which was present in multiple fractions could consist of two or more comigrating polypeptides or could represent one protein species which was present in more than one cell fraction.
The major bands of the rickettsiae were outer membrane proteins (specifically TI, T47, T49, and T55). Band TI migrated with an apparent molecular weight of approximately 135,000, and T47, T49, and T55 ranged between 20,000 and 33,000. In comparison, the major proteins of E. coli migrate on gels with apparent molecular weights of 32,000 to 36,000, a more compact range (24, 27) , and many gram-negative bacteria exhibit gel profiles much like E. coli (25). (Table 3 ). Most of the major for E. coli < polypeptide bands resolved in gels of whole rick-ments, whici ettsiae were outer membrane proteins, since peptidoglyca each of these proteins was present in the cell in (22, 24 (22, 24) . SDS-polyacrylamide gel electrophoresis of rickettsial cell fractions allowed identific ation of 64 polypeptides on Tris-glycinebuffered slab gels. Use of this gel system and fractionation of the rickettsiae allowed nmuch greater resolution of cell polypeptides than in plrevious reports (13, 19) . Outer nmembrane w as shown to consist of three major polypeptides ranging in molecular weight from 20,000 to 5)1,000, another major protein of 1.35,000, and minor polvpeptides. The cvtoplasmic membrane revealed a complex pattern on gels, due to contamination of the sample with outer membrane ancI presumably trapped soluble proteins. This imiacde assignnment of nminor cvtoplasmic memb)rane p)olypeptides impossible.
Other gram-negative bacteria also have a small number of major outer membrane proteins, which have not only structural roles but also function as pores, in conjugation, in translsort of large molecules, and as receptors for phage (12). Their electrophoretic pattern is much different from that of the rickettsiae. This nmav reflect different structural and functional roles, since the normal environment for the )arasite is an intracellular milieu. Further studlies of these )olypeptides may help describe the interaction of the rickettsiae with their host cells and the r-ole of the outer membrane in their phvsiologv and, ultimately, aid in defining the nature of rickettsial parasitism.
